The article presents the results of studies on the development of methods for obtaining normal heights in Vietnam using the global model EGM2008 and software for processing GNSS measurements. Errors between normal heights calculated from the global geoid model EGM2008 and heights determined from GNSS measurements and geometric leveling to the territory of Vietnam are determined. The method of localization of the global geoid model EGM2008 for the territory of Vietnam is proposed, such a geoid model is practically formed as an EGM2008_ TN file. Test tests of the developed technique and the localized geoid model EGM2008__TN were carried out, showing the possibility of its application for obtaining normal heights from GNSS measurements in Vietnam with leveling accuracy of class IV.
INTRODUCTION GNSS technologies make it possible to determine geodetic heights for points on the earth's surface with high accuracy. However, in production, normal heights are used more often, therefore, to go from geodesic to normal heights with an accuracy of geometric leveling, it is necessary to perform a number of transformations based on knowledge of the anomaly of height-difference of the surface of a quasigeoid and ellipsoid. Determining normal heights from satellite leveling favorably differs from geometric leveling in difficult conditions, for example, meteorological, in mountainous marshy areas, under various obstacles, etc. In addition, even without the results of ground-based geometric leveling, we can only determine the height of any point with the help of GNSS measurements, provided the model of height anomalies is available with the required accuracy. In this regard, the actual task is to determine the normal heights using GNSS-technology without laying leveling moves.
There are various global models of geoid EGM2008, EIGEN-6C4, GECO, GAO-2012. The highest degree of decomposition of the geopotential (2190-degree) is the model of the National Geospatial-Intelligence Agency (NGA) National Geospatial-Intelligence Agency (NGA) EGM2008 with a grid size of 1x1 or 2.5x2.5 minutes. Due to the high level of detail, it is EGM2008 that is widely used in production. However, in mountainous areas, it is necessary to refine this model, since in some cases the result obtained from the results of satellite leveling using the model of anomalies of altitudes does not coincide with the results of a more reliable geometric leveling.
II. METHODS AND MATERIALS
To create a local quasi-geoid model, more accurate than the global model (EGM2008), it is necessary to use a set of points with known normal altitudes, at which satellite observations were made and geodetic heights were determined. [2, [5] [6] [7] 15] . In this case, the constructed model of the local quasigeoid (surface) is applicable only for the local territory.
The heights are interconnected by an expression ( fig. 1 
where: H is the geodesic height, Hg is the orthometric (absolute) height (correlated with the geoid), H is the normal height (correlated with the quasigeoid), ан is the height anomaly, N is the height of the geoid.
According to [13] , at present there are two methods for constructing a model of anomaly height: residual and wave. The most common and simpler is the residual method based on interpolating the height anomaly according to the EGM2008 model. It has a higher accuracy [4, 8-11, 13, 14] , especially at low density of GNSS-leveling points. The residual method gives the best model of anomalies of heights on a local scale (in a small area). This method can be considered as a method for adjusting the EGM2008 model in accordance with the actual values of the height anomalies. Knowing the exact model of the height anomaly ζ, it is possible to transform the geodetic height determined by GNSS technology to the normal height. To achieve this goal, a model of anomalies of heights необходима with an accuracy of 1 cm is required, to determine the height with a leveling accuracy of class III or IV [12, [16] [17] .
The wave method is the construction of a local model of height anomalies without improving the model EGM2008. The local model of elevation anomalies is based on interpolation for calculating the value of ζ at an arbitrary point over a set of GNSS points with known normal heights and leveling the heights of the GNSS points leveling. The wave method is often used when there is a fairly high density of GNSS measurement points at which normal heights are known.
The EGM2008 model has now been significantly improved, and it can be used in conjunction with GNSS measurement data to build a local model of elevation anomalies for the territories of Vietnam.
Equalization algorithm combining the geodesic height, normal height and height anomaly
For network points, using the values of geodetic height, normal height, and height anomaly, we can calculate the vector of deviations of i   using the formula:
and create equation equations for equalization:
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Elements of matrix A and unknowns, dependent on the model of parameters, are chosen to describe the difference between the three elements of height. In equations (2) 
To assess the accuracy, 5 types of models are possible: including 4 parameters, 5 parameters, a polynomial of 1 degree, a polynomial of 2 degree and a polynomial of 3 degree [3, 14] .
In general
In matrix form, the system of measurement equations and its solution are written as follows:
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(6) where P is the weight matrix (the inverse dispersion matrix is the covariance matrix of measurements). Suppose that measurements and their corresponding errors do not correlate between heights and between themselves in the same measurement system, that is, they are independent. On the other hand, we also assume that the heights are measured with the same accuracy, then the weight matrix becomes the identity matrix.
In addition to the above model, geodesy also widely uses the interpolation method based on spline functions [1, 3] . Spline interpolation is commonly used in the wave method to build a local model of anomalies.
Consider both cases with and without the use of the global model EGM2008. The anomaly of the height of a point is interpolated by points using the Spline function, using the following formula
where:
    desired parameters of the system of equations: 
where 2 2 , , ln( );( )
Using the above mathematical models, it is possible to calculate the anomalies of the heights ζ points along which to go to normal heights according to the results of GNSS positioning:
III. RESULTS The geodetic network created on the basis of GNSS technology consists of 180 points (GNSS leveling) used for the considered (test) territory of the Central Plateau of Vietnam. The measurements were performed by dual-frequency receivers for at least 6 hours each reception. The GNSS leveling points are distributed relatively uniformly across the provinces from Quang Nam to Lam Dong, Bin Fuok, Ninh Thuan (Fig. 2 ). In the study, 163 points were used, 17 remaining points were control points for testing the methodology. The Alltrans EGM2008 Caculator software is designed to calculate the height anomaly of the EGM2008. On this basis, a model of height anomalies with a cell size of 2.5 '× 2.5' is obtained. The program was used to calculate the height anomalies of the above points of the GNSS leveling system (163 points).
Laos
The results are shown in the following figures and tables. In Table 2 , the mean square error (CCP) and the standard deviation are calculated using the following formula:
where: mean square error; - standard deviation;
Difference of calculations before and after using the data of the i-th grid point of GNSS leveling;  -average deviation; n is the number of points. From table 2 it follows that a suitable model in this case is a model of a third degree polynomial. In addition to the above, models of a higher degree were investigated. The results of the study showed that in other models the deviations do not decrease, and in some cases even give worse results than the third degree polynomial model.
Based on the aforementioned GNSS leveling network, a local model of the height anomaly in the territory under consideration was created using the wave method using spline interpolation.
In the case without using the EGM2008 model, we use the height anomaly calculated using satellite leveling data using spline functions (8) and (10) . The calculation was performed for 163 points of the height anomaly, and then a comparison was made and the accuracy was assessed using 17 control points.
In the case of using the EGM2008 model, the free term is not a directly calculated anomaly. It is the difference in altitude anomalies between the value calculated from GNSS measurements and the anomaly determined by the EGM2008 where:  TNinterpolation elevation anomaly based on spline function using EMG2008;  TNheight anomaly correction based on spline function for EMG2008 model height anomaly. Tables 3 and 4 show that even in the case when the EGM2008 model is not used, the accuracy of the interpolation method based on spline functions is much better than that of mathematical models. Based on the above analysis, it can be concluded that it is highly advisable to use the spline function to interpolate height anomalies at points in the local model, which significantly increases the accuracy of determining the normal height.
Building a local quasigeoid model using the EGM 2008 model
With reference to our data (163 points in the Central Plateau), we have the coordinates of B1 = 11 0 41', L1 = 107 0 00'; northeast -B2 = 15 0 21', L2 = 109 0 25'. The region size is ΔB = 3,67 0 , ΔL = 2,52 0 with a cell size of 2.5'x 2,5', the number of grid points (N) will be 5251 pcs. (N = 89x59). At each grid point (i) we have 3 values: latitude Bi, longitude Li and height anomaly (from model EGM2008) ζi (i = 1,2 ..., 5251).
The calculation of corrections for grid points is performed using the Spline function (8, 10) . Height anomalies in the global model EGM2008 are calculated by the formula:
is the anomalous height obtained from the EGM2008 model, is the correction of the anomaly obtained from wave interpolation (based on the spline function), TN is the height anomaly of the production model). The calculation of the height anomalies is shown in the block diagram (Fig. 3) .
After calculating the height anomaly at the network points ( TN ), the quasigeoid model of the central plateau region (and the South Central Coast) has been refined.
Models of the quasigeoid of the Central Plateau and the South Central Coast are created according to the model EGM2008, latitude from 11041 'to 15021', longitude from 107000 'to 109025', the area is about 80,000 km2. There is a model in the grid view, the cell size is 2.5 '× 2.5' (including 5251 points). The data file is described in table 6. The cell size in the local model of the quasigeoid EGM2008_TN is 2.5' × 2.5', the radius of the circle is from 6 km to 11 km. With such a radius, the number of selected points will be from 4 to 13 cell points. Points in this radius will be used as reference points for interpolating GNSS measurement points.
Evaluating the accuracy of interpolation results
The model has been tested on 17 satellite network points that are not used in modeling. First of all, we need to investigate and select the interpolation algorithm for height anomalies from EGM2008_TN.
According to the data obtained by 17 points, we calculate the differences in height between these points, and then compare them with the tolerances for leveling class III, IV and technical leveling. 
where ΔHthe difference of geodetic heights at the point under consideration.
Denote ∆Hi,k as the difference of geodetic heights between two points; ; ∆hi,k as the difference between normal heights, and Δi,k as the height anomaly determined by the global model (EGM2008) between two points. Calculate the difference between the normal height of 2 points: , , , ,
Taking into account the weight of measurements of the standard deviation on 1 km can be calculated by the formula (17) 
Weight is calculated by the formula:
, ,
where Di,kdistance between two points in kilometers, mthe number of pairs of points to study. In this case, m should not be less than 20, and the distance between points Di,k should have different values. The results are shown in table 6. From the obtained interpolation results for 17 control points, it can be seen that all four interpolation methods give acceptable results. In accordance with Table 7 , in all four interpolation methods, about 80% of the routes have permissible accuracy for grade III leveling, including for mountainous areas. 100% accuracy for technical leveling is naturally assured. In practice, it is advisable to use the "Weight-average" interpolation method.
IV. CONCLUSION
The developed procedure for calibrating the height anomaly EGM2008 is designed for use on a large scale, having many points in the network. The calculation method is relatively simple and improves the accuracy of determining the height from the GNSS measurement results.
The network points (GNSS points) should coincide with the leveling points of class III and above. Points should be distributed relatively uniformly and fairly densely.
